






































.OWADAYS  THE  DETECTION  OF  6OLATILE  /RGANIC  #OMPOUNDS 
6/#S	 IS A VERY IMPORTANT OBJECTIVE FOR SENSING TECHNOLOGY 
SINCE  THERE  ARE MANY  APPLICATIONS  FOR  THIS  TYPE  OF  SENSOR 
	  !MONG OTHERS  THEY  HAVE  ENVIRONMENTAL  APPLICATIONS 
AND  CAN  BE  USED  AS  ELECTRONIC  NOSES  OR  IN  THE  CHEMICAL 
AND  FOOD  INDUSTRY  7E  HAVE  FOCUSED  OUR  ATTENTION  IN 
VAPOCHROMIC  MATERIALS  WHICH  CAN  REVERSIBLY  ABSORB  6/# 
MOLECULES  FROM  THE  GAS  PHASE  WITH  SUBSEQUENT  SHIFT 
IN  THEIR  ABSORPTION  SPECTRUM  4HE  ½RST  VAPOCHROMIC 





TO  ½ND  A  LOT  OF  COMPLEXES  WITH  INTERESTING  AND  USEFUL 
PROPERTIES  )N  OUR  GROUP  WE  ARE  ESPECIALLY  INTERESTED  IN 
VAPOCHROMIC GOLD COMPLEXES 	 AND TO DEVELOP THIS WORK 
WE  FOCUSED  IN  VAPOCHROMIC  GOLDSILVER  ORGANOMETALLIC 
COMPLEXES  WITH  THE  GENERAL  FORMULA  ;!U!G#&	,=N 
WHERE , CAN BE A . / 0 #  # # y # DONOR  LIGAND 	 
4HESE COMPLEXES WERE REPORTED BY SOME OF US A LONG TIME 
AGO AND  THEY HAVE COLOURS  SUCH AS  RED ORANGE OR  YELLOW 
DEPENDING ON THE LIGAND , )N THE PRESENCE OF 6/# VAPOURS 
SUCH  AS  ACETONE  METHANOL  AND  ETHANOL  THEIR  COLOUR 
CHANGES TO WHITE OR EVEN COLOURLESS /NE OF THE ADVANTAGES 
OF  USING  THESE  COMPLEXES  IS  THAT  BY  CHANGING  ,  WE  CAN 
HAVE DIFFERENT COMPLEXES WITH SLIGHTLY DIFFERENT PROPERTIES 
SUITABLE FOR THE DEVELOPMENT OF DIFFERENT KINDS OF SENSORS 




THE  TWO  SILVER  ATOMS  AND  TO  TWO  PENTA¾UOROPHENYL  UNITS 









	  &OR  EXAMPLE  THEY  HAVE  A  HIGH  ELECTRICAL  RESISTANCE 
MAKING  THIS  KIND  OF  SENSOR  SAFE  FOR  USE  NEAR  HIGH  VOLTAGE 
EQUIPMENT  THEY  CAN  BE  MULTIPLEXED  EFFECTIVELY  ON  A 
SINGLE ½BRE NETWORK  THEY ARE  IMMUNE TO ELECTROMAGNETIC 
INTERFERENCES  INCLUDING  NUCLEAR  ELECTROMAGNETIC  PULSES 




OF  ½XING  THE  VAPOCHROMIC MATERIAL  TO  THE  ½BRE  OPTIC  THE 










SPLICER  IS  PROGRAMMED  IN  SUCH  A  WAY  THAT  FUSION  CURRENTS 
ARE LOWER THAN THOSE USED IN ½BRE SPLICING AND FUSION TIMES 
ARE  LONGER  )N  THIS  CASE  THE  ½BRE  WAS  MALLEABLE  BUT  NOT 





SETUP  WAS  COMPLETED  WITH  AN  OPTICAL  SOURCE  TO  GENERATE 
THE INTERROGATING SIGNAL AND AN OPTICAL DETECTOR TO MEASURE 
THE  MODULATED  OPTICAL  SIGNAL  RECEIVED  4HE  SENSOR  SYSTEM 
WAS  CHARACTERIZED  AT  TWO  INTERROGATING  ,!3%2 WAVELENGTHS 









THE  EMISSION  SPECTRA  AND  THE  RESPONSE  OF  THE  SENSOR 
TO  DIFFERENT  6/#S  IN  TERMS  OF  THEIR  ABSORBANCE  SPECTRA 
HAVE  BEEN MEASURED  4O  CARRY  OUT  THIS  ANALYSIS  THE  SETUP 
EMPLOYED WAS  THE ONE USED  FOR  THE SENSOR BUT  THIS  TIME A 












4HE  ½BRE WAS  CUT  AT  THE  END WITH  A  3IEMENS  3-
! PRECISION ½BRE CLEAVER THE THICKNESS IS AROUND  MM 
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IN  THE  SENSORS DEVELOPED BY USING  THE  SOLGEL METHOD AND 
AN ,%$ IN SENSORS MADE USING THE %3! TECHNIQUE 4HE SENSOR 




4HE VAPOCHROMIC MATERIAL WAS ½XED  TO  THE ½BRE USING  TWO 
DIFFERENT  TECHNIQUES  THE  SOLGEL METHOD WHICH  ALLOWS  THE 
CONSTRUCTION OF SENSORS ABLE TO DETECT 6/#S EVEN IN AQUEOUS 
SOLUTION AND BY THE %3! TECHNIQUE WHICH IS USEFUL TO DEVELOP 
NANOSENSORS  )T  IS  IMPORTANT  TO  NOTICE  THAT  BOTH  KINDS  OF 
SENSORS  HAD  BEEN  DEVELOPED  BY  USING  THE  SAME  KIND  OF 
COMPLEXES FOR THE SENSOR SYSTEM
4HE  SOLGEL  PROCESS  CONSISTS  OF  PREPARING  A  XEROGEL  BY 
MIXING  TETRAETHYLORTHOSILICATE    MMOL    L	  WATER 
P(    ADDING (#L  AS  REQUIRED    L	  ETHANOL   MMOL	 
AND A SUF½CIENT QUANTITY OF VAPOCHROMIC COMPLEX TO GIVE A 





4HE  %3!  PROCESS  CONSISTS  OF  IONIC  MONOLAYERS  DOPED 
WITH  THE  VAPOCHROMIC MATERIAL  DEPOSITED  AT  THE  END  OF  A 
½BRE OPTIC  &IRSTLY  THE ½BRE OPTIC  IS  CLEANED AND CHEMICALLY 
TREATED TO PRODUCE A CHARGED SURFACE AND THEN THE SUBSTRATE 
IS  ALTERNATELY  DIPPED  INTO  SOLUTIONS  OF  POLYCATION  AND 




0OLYNUCLEAR  GOLDSILVER  COMPLEXES  WITH  GENERAL  FORMULA 
;!U!G#&	,=N  WHERE  USED  TO  DEVELOP  SENSORS  BY  TWO 
DIFFERENT METHODS THE SOLGEL TECHNIQUE AND THE ELECTROSTATIC 




















PAH and vapochromic complex













Ethanol, water and vapochromic complex
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&IGURES    AND    SHOW  THE  RESULTS  OBTAINED  WITH  SOLGEL 
SENSORS  IN  THE  RE¾ECTION  MODE  !LL  THE  EXPERIMENTS  WERE 
CARRIED OUT WITH ACETONE AS 6/# )N &IGURE  IT IS POSSIBLE TO 
SEE HOW IN THE MOMENT THE 6/# IS ADDED TO THE CHAMBER THE 
RE¾ECTED OPTICAL POWER  CHANGES  AND  THE CHANGE  IS BIGGER 











TO  THE  FACT  THAT  IN  THE  SURFACE  OF  THE  SENSOR  THERE  ARE  STILL 
WATER MOLECULES AND THEY CAN BE DOPED WITH THE 6/#
4HE  RESULTS  OBTAINED  WITH  THE  SENSOR  DEVELOPED  IN  THE 
TRANSMISSION  MODE  ARE  VERY  SIMILAR  TO  THOSE  OBSERVED  IN 
&IGURE  !LL THE EXPERIMENTS WERE MADE IN ORDER TO CON½RM 
THAT THE TECHNIQUE FOR THE CONSTRUCTION OF THE SENSOR IS VIABLE 




4HE  MAIN  ADVANTAGES  OF  THE  ELECTROSTATIC  SELF  ASSEMBLING 
METHOD  IS  ITS  SIMPLICITY  AND  REPRODUCIBILITY  COMPARED  WITH 











4HE  VAPOCHROMIC MATERIAL WAS NOT WATER  SOLUBLE  SO  IT WAS 
DECIDED  TO  DISSOLVE  IT  IN  THE MINIMUM  AMOUNT  OF  ETHANOL 

























Isopropanol (2.4 g/L) Ethanol (4 g/L) Methanol (4 g/L)
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BEEN DESCRIBED BEFORE 	 4HE POLYCATION WAS DOPED WITH 





)T  IS  NECESSARY  TO  PREPARE  THE  OPTICAL  ½BRE  TO  BUILDUP 
THE NANOCAVITY ½RST OF ALL IT IS NECESSARY TO CREATE A CHARGED 
SURFACE  TO  DO  IT  THE  OPTICAL  ½BRE  WAS  CLEAN  AND  TREATED 
WITH (3/ AND (/  	 /NCE THE ½BRE WAS CHARGED  IT 
WAS  SUBMERGED  INTO  THE  POLYCATION  SOLUTION  DOPED  WITH 
THE  VAPOCHROMIC  MATERIAL  AND  ½NALLY  IT  WAS  DIPPED  INTO 
THE  POLYANION  SOLUTION  4HE  PROCESS  OF  DIPPING  THE  ½BRE 


























































1 g/L Methanol 2 g/L Methanol 4 g/L Methanol
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TO  GIVE  A  THIN  LAYER  CONSISTING  OF    BILAYERS  4HE  TOTAL 
THICKNESS OF  THE  LAYER  IS  IMPORTANT BECAUSE DEPENDING ON 












MEDIUM BECAUSE  THE  THICKNESS  OF  EACH MONOLAYER  IS  ON  THE 
NANOMETER SCALE AS FOR THE WAVELENGTH OF THE SOURCE USED
4HE  POWDERED  VAPOCHROMIC  MATERIAL  WAS  EXCITED  WITH 





THE  COLOUR WAS  LOST  AND  THE EMISSION PEAK WHEN EXCITED AT 
  NM MOVED  TO    NM  &IGURE  	  4HESE  INVESTIGATIONS 
INDICATED WHETHER OR NOT THE VAPOCHROMIC COMPLEX HAD DOPED 
THE  INTERFEROMETRIC  CAVITY  PROPERLY  !LL  THESE  RESULTS  MEAN 










AMPLITUDE  AROUND    NM  NEAR  THE  ¾UORESCENCE  EMISSION 











4HE  6/#  VAPOURS  WERE  INTRODUCED  INTO  THE  CHAMBER 








IN¾UENCE  OF  EACH  OF  THESE  FACTORS  RESPONSE  TIME  IS  BEING 
STUDIED AND WILL BE DEMONSTRATED  IN  SUBSEQUENT WORK 4HE 
RE¾ECTED OPTICAL POWER CHANGES WHEN THE 6/# VAPOURS ARE 
ADDED  TO  THE  CHAMBER BUT  AS  IT WAS  SHOWN  IN  THE  SENSORS 

































THE  VAPOURS  THE  OPTICAL  POWER  RECOVERS  ITS  ORIGINAL  VALUE 
$IFFERENT CONCENTRATIONS OF ETHANOL   G,  G, AND  G,	 
AND METHANOL    G,    G,  AND   G,	 WHERE  STUDIED  AND 
THE  RESPONSE  OF  THE  SENSOR  TO  THE  DIFFERENT  CONCENTRATIONS 












4HE  POSSIBILITY  OF  DISCRIMINATION  BETWEEN  ½XED 










4HESE  RESULTS  CON½RM  THAT  THE METHOD  USED  TO  DEVELOP 
THE  SENSOR  IS  VIABLE  &URTHER  WORK  TO  ATTEMPT  A  CALIBRATION 
CURVE IN ORDER TO BETTER COMPARE THE SENSITIVITY OF THE SENSOR 
TO DIFFERENT 6/#S IS CURRENTLY IN PROGRESS AS WELL AS THE STUDY 
OF  THE  BEHAVIOUR  OF  THE  SENSOR  WHEN  EXPOSED  TO  DIFFERENT 
CONCENTRATIONS OF A NUMBER OF 6/#S
#ONCLUSIONS









SOLUTION  3INCE  THIS  SENSOR  IS  SMALL  IT  CAN BE PLACED  AT  ANY 
LOCATION )TS LOW COST EASY IMPLEMENTATION AND THE POSSIBILITY 
OF MULTIPLEXING INTO EITHER A TELECOMMUNICATION OR A SENSOR 
NETWORK MAKE  IT  SUITABLE  FOR  USE  IN  THE  PETROCHEMICAL  AND 
CHEMICAL INDUSTRIES
6/#  SENSORS  HAVE  ALSO  BEEN  DEVELOPED  USING  THE  %3! 
TECHNIQUE  4HESE  SENSORS  CAN  DETECT  SOME  6/#S  AND 
DETERMINE THEIR CONCENTRATIONS AND OFFER HIGH REPRODUCIBILITY 
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